solution. If the geological materials are incapable of buffering the solution, the pH of the water (pH negative logarithm of the hydrogen ion concentration) declines, in some cases to values as low as 2 or 3. Such affected water is an acidic solution with a high content of sulfate and iron and, as such, is unsuitable for all domestic and agricultural uses. Fortunately, in many areas of coal mining and particularly in the western United States, the overburden materials have considerable capacity to neutralize the acid generated by pyrite oxidation. The neutralization capacity is primarily a result of calcite (CaCC^) and dolomite [CaMg(003)2] in the overburden. The minerals are moderately soluble in the presence of acidic water. Hydrogen ions combine with the carbonate to form bicarbonate (HC03~), thereby raising the alkalinity of the water.  The bicarbonate, calcium, and magnesium ions resulting from dissolution of calcite and dolomite raise the total dissolved solids of the water. In acidic water, iron remains in solution at high concentrations, but in the alkaline water, iron concentrations are normally low due to the solubility constraint exerted by iron carbonate. Waters that are strongly influenced by pyrite oxidation but that are neutralized as a result of the presence of calcite or dolomite commonly have concentrations of dissolved solids that render them undesirable for domestic or agricultural uses. The neutralized waters, however, are much less damaging to the ecology of surface water systems.
The primary process causing severe degradation of water in areas of coal mining is pyrite oxidation, which occurs because of the presence of oxygen and water in the disrupted overburden. Below the water table, the oxidation process is not very active because the availability of oxygen in the geological materials there is severely restricted by the very low solubility limit for oxygen in water. Above the water table, oxidation of pyrite can be very active provided that the pore spaces in the geological material receive oxygen if air comes in from the atmosphere or is trapped in the pore spaces as a result of mining and redeposition of the overburden.  Infiltration of rainfall or snow melt causes the oxidation products and associated weathering products in solution to move downward to the water table and become part of the dissolved solids in the ground-water systems.
Pyrite, when oxidized, is a strong acid producer. Even very small amounts of it in the geological material can, when the hydrological and geochemical conditions are suitable for oxidation, produce a great deal of sulfate and acid. For example, when expressed as a weight percentage of the bulk geological material, less than 1 percent pyrite, in some circumstances, may be sufficient to cause severe degradation of ground-water quality.
Pyrite oxidation in mined areas in which the buffering capacity is low causes an increase in dissolved solids and a decrease in the pH of the ground water. In addition, in response to the pH conditions, pyrite oxidation may cause exceptionally high concentrations of toxic metals in the ground water. For example, metals such as lead, copper, nickel, zinc, and cadmium tend to exist at much higher concentrations in acid waters than in neutral or alkaline waters. Higher